1. Introduction
===============

Rectal cancer (RC) leads to heavy disease burden and tremendous medical costs worldwide. As the third most commonly cancer, 135,430 colorectal cancer cases were newly diagnosis and 50,260 patients died of colorectal cancer in 2017 in United States.^\[[@R1]\]^ Researchers have studied some pathological factors such as gene expression^\[[@R2]\]^ and reaction of chemotherapy^\[[@R3],[@R4]\]^ that might affect survival of RC, however, it is possible for sociodemographic factors to affect survival of patients with RC. Marital status is known as one type of social support with beneficial psychological properties. Previous studies have reported that marital status provide protective effect for some diseases,^\[[@R5]--[@R9]\]^ for instance, married patients generally obtained early detection, be more likely to receive surgical treatment, and experienced long-term survival.^\[[@R10]--[@R12]\]^ However, the relation between marital status and prognosis of RC remains unknown, particularly with respect to the older group who are easy to expose to poor social support.

Using of treatments such as low anterior resection surgery, chemotherapy, and radiotherapy has become more and more popular. However, those treatments could result in enormous impact on patients' life such as reduction of quality of life and incidence of complications. One of reasons contributing to decreased quality of life can be the presence of ostomies which are mostly used for minimize possible complications of an anastomotic leakage. Ostomies generate significant difficulties for patients both physically and psychologically.^\[[@R13]--[@R21]\]^ Thus, the effect of social support should be emphasized. Early study found significant association between colon cancer and marital status^\[[@R12]\]^ while they did not discuss effect on RC that is closely related but distinct to colon cancer. However, the effect of marriage on different cancer was inconsistent, some studies revealed protective effect,^\[[@R8],[@R10],[@R12],[@R22]--[@R24]\]^ some researchers found mix effect^\[[@R25]--[@R27]\]^ and Jatoi et al^\[[@R28]\]^ reported no significant relationship. Furthermore, previous studies had significant imbalance baseline that married people were more likely to be diagnosed at an earlier stage compared to the unmarried.^\[[@R9],[@R12]\]^

To best of our knowledge, little research focused on the association between RC and marital status among the elderly population. Based on the National Cancer Institute\'s Surveillance, Epidemiology, and End Results (SEER) program, the purpose of this study is to explore the relationship between marital status and survival in patients with RC.

2. Methods
==========

2.1. Study design and data source
---------------------------------

A population-based historical cohort study was designed. The institutional review board of West China Hospital approved the study. We acquired the data from SEER database (<http://seer.cancer.gov/>) which is a national cancer database sponsored by the National Cancer Institute, and we retrospective research relationship of marital status on survival of RC among old patients. Data of SEER database represented about 30% proportion of American due to it covered 18 population-based registries. SEER dataset includes demographic information of patients, cancer diagnosis, and treatment information, as well as cause-of-death information.

2.2. Identification of patients
-------------------------------

Patients with RC were identified according to the following inclusion criteria: The codes of primary cancer site were 199 and 209 which were identified by International Classification of Diseases for Oncology (ICD-O-3).^\[[@R29]\]^ We defined the histological subtype as adenocarcinoma that identified with ICD-O-3 codes 814, 821, and 822. Stage I or stage II (T1--T4, N0, M0) patients. Patients whose age over 65 years and diagnosed in 2004 to 2010 were chosen. Patients without adequate information on marital status, race, grade, radiotherapy, surgery type, and survival time were excluded.

2.3. Identification of key variables
------------------------------------

We extracted relevant information by the SEER∗Stat software (version 8.3.4), including marital status, year of diagnosis, age, race, sex, grade, American Joint Committee on Cancer (AJCC) 6th tumor node metastasis (TNM) staging classification, radiotherapy, chemotherapy, surgery type, survival time (in months), vital status, cause-specific death classification, and other cause of death classification. Surgery types were defined by SEER codes as local (10--28), radical (30--80), and nonsurgery (0). We defined marital status as married (including cohabit as well as married) and single (never married, divorced, separated or widowed). Endpoints were defined as overall survival (OS) which was measured as an internal from time of diagnosis to death or date of last contact (December 2014). Rectal cancer-specific survival (RCSS) was estimated as time from RC diagnosis to death from RC or data of last contact (December 2014).

2.4. Propensity score matching
------------------------------

We carried out an inverse probability propensity score weighting^\[[@R30]\]^ to balance baseline using "MatchIt" R package.^\[[@R31]\]^ Data of year of diagnosis, age of patients, race, T stages based on 6th AJCC, radiotherapy, chemotherapy, and surgery type were used to merge propensity scores for individuals through a logistic regression model, and balanced groups had a ratio at 1:1.

2.5. Statistical methods
------------------------

Demographic information of patients, tumor, and treatment characteristics were compared between married and single groups using Pearson Chi-square test for categorical variables. Log-rank tests and Cox proportion hazard regressions that matched by propensity scores were used to compare the differences between married and single in OS, and we calculated hazard ratios (HR) with 95% confidence interval (CI). Specifically, we conducted proportional subdistribution hazard model by "cmprsk" R package^\[[@R32]\]^ to obtain HRs with 95% CI for RCSS. To avoid influence of multicollinearity between variables that be highly related, we only included one of them into final model (e.g., AJCC stage and AJCC T stage). VIF was used for multicollinearity diagnostics by "rms" package in R. All the adjusted HRs were acquired when fitting multivariable models, which involved to adjust for the variables in propensity score matching procedure. In addition, in this study, interaction analyses were performed to assess the difference of survival conferred by marital status across potential modifiers. Stratified survival analyses were conducted on particularly different groups.

All *P* values were calculated from 2-sided tests with threshold of .05 to evaluate statistical significance, and all statistical analyses were performed by R software (version 3.4.3).

3. Results
==========

3.1. Participants and characteristic
------------------------------------

According to SEER database, from January 1st, 2004 to December 31st, 2010, 29,144 elderly patients (≥65 years) were diagnosed with rectal cancer. Among these patients, we identified 10,422 cases that were confirmed with adenocarcinoma and pathological stage I to II. According to inclusion criteria, we enrolled 8952 patients before propensity score matching. Finally, 5196 rectal cancer aged patients were enrolled in our study after propensity score matching, 2598 aged married patients and 2598 aged single patients, respectively. Figure [1](#F1){ref-type="fig"} displayed the flow of data processing and patients' identification. Figure [2](#F2){ref-type="fig"} described results of propensity score matching by histograms. Characteristics of baseline in the present study were showed in Table [1](#T1){ref-type="table"}. Before propensity score matching, age at diagnosis, gender, race, AJCC T stage, surgery type, radiotherapy, and chemotherapy were significantly different between married RC patients and those single. In the matched groups, most patients were white in both groups (86.5% in married group; 82.8% in single group), whereas the composition of other races varies. Married RC patients had less black (4.6%) and more other races (8.9%) including American Indian/AK Native, Asian/Pacific Islander. Unmarried group had more black (9.6%) and less other race (7.5%). Except for race, the baseline of groups was similar and comparable indicating that no significant difference between the matched groups existed regarding to potential prognostic factors.

![Flow chart of data processing and included patients' identification.](medi-97-e0637-g001){#F1}

![Characteristic of included patients' baseline before and after propensity score matching.](medi-97-e0637-g002){#F2}

###### 

Baseline characteristics of aged patients with early stage (stage I/II) rectal cancer included in this study (N = 5196).
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3.2. Outcomes of overall survival and rectal cancer specific survival
---------------------------------------------------------------------

Median follow-up durations for the married and unmarried cohorts were 4.75 years and 4.17 years, respectively, with maximum of 9.92 years for both groups. Data showed that 1107 married patients (42.6%) dead at the end of follow-up versus 1284 unmarried patients (49.4%). Crude 5-year OS rate was 64.2% in the matched married group and 57.3% in the matched unmarried group (log-rank test, HR = 0.79, 95% CI = 0.73--0.85, *P \< *.001, Fig. [3](#F3){ref-type="fig"}). A total of 529 (20.4%) matched married patients were died of RC and 603 (23.2%) matched unmarried patients were died of RC. Crude 5-year RCSS rate was 80% in the matched married group and 75.9% in the matched unmarried group (log-rank test, HR = 0.81, 95% CI = 0.72--0.91, *P \< *.001, Fig. [4](#F4){ref-type="fig"}). By looking on the hazard ratios particularly different treatment groups (chemotherapy, radiotherapy, surgery), we stratified the survival analyses in these subset of groups, which displayed in Figs. [5](#F5){ref-type="fig"} and [6](#F6){ref-type="fig"}. Same survival benefit on married RC patients was observed in all the subgroups, whereas different surgery subsets showed different median survival time in both groups.

![Survival curve of overall survival on aged rectal cancer patients.](medi-97-e0637-g004){#F3}

![Survival curve of cancer-specific survival on aged rectal cancer patients.](medi-97-e0637-g005){#F4}

![Overall survival with 95% CIs for rectal cancer patients. (A) Overall survival for rectal cancer patients with nonsurgery. (B) Overall survival for rectal cancer patients with local resection. (C) Overall survival for rectal cancer patients with radical resection. CI = confidence intervals.](medi-97-e0637-g006){#F5}

![Overall survival with 95% CIs for rectal cancer patients. (A) Overall survival for rectal cancer patients with nonradiotherapy. (B) Overall survival for rectal cancer patients with radiotherapy. (C) Overall survival for rectal cancer patients with nonchemotherapy. (D) Overall survival for rectal cancer patients with chemotherapy. CI = confidence intervals.](medi-97-e0637-g007){#F6}

Adjusted HR for OS between married patients and the unmarried was revealed by inverse propensity score matched-multivariable Cox proportional hazards models with sex, age, year of diagnosis, race, stage, grade, chemotherapy, radiotherapy, surgery type (HR = 0.77, 95% CI = 0.71--0.83, *P \< *.001, Table [2](#T2){ref-type="table"}). After adjusting multiple confounding factors, RCSS was similar between the matched groups (HR: 0.92, 95% CI = 0.81--1.04, *P = *.17, Table [2](#T2){ref-type="table"}). According to the multicollinearity diagnostic (VIF) result which showed on Supplementary table 1 on line, there is no collinearity between the variables in the regression model.

###### 

Multivariable analysis of marital status for overall survival and cancer-specific survival in the unmatched cohort.
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Table [2](#T2){ref-type="table"} illustrated the results of interaction analyses. According to the results of interaction analyses, OS advantage among married patients versus unmarried patients disappeared in subgroup with age \> 85 years (HR: 0.95, 95% CI = 0.78--1.15, *P = *.57) and race of black or other (American Indian/AK Native, Asian/Pacific Islander) (HR: 0.81, 95% CI: 0.59--1.11, *P = *.20; HR: 1.05, 95% CI: 0.77--1.44, *P = *.74, respectively). Among interaction analyses regarding to RCSS, we found that patients diagnosed in 2009 to 2010 (HR: 0.68, 95% CI: 0.50--0.92, *P = *.01), patients aged at 75 to 79 years (HR: 0.76, 95% CI: 0.58--0.99, *P = *.04) and patients without surgery (HR: 0.73, 95% CI: 0.57--0.95, *P = *.02) had significant difference on cancer-specific survival between different marital status. Multivariate Cox analyses confirmed the independent prognostic significance of year of diagnosis, age at diagnosis, gender, race, grade, AJCC T stage, surgery type, and chemotherapy. Radiotherapy did not reach significance with this test. The whole model is shown in Table [3](#T3){ref-type="table"}. Interestingly, inverted hazard ratios were found of the chemotherapy category in RCSS (univariate analysis: HR: 1.15, 95% CI: 1.02--1.30, *P = *.02; Multivariate analysis: HR: 0.77, 95% CI: 0.63--0.95, *P = *.01).

###### 

Hazard ratios for overall survival and for cancer-specific survival.

![](medi-97-e0637-g009)

4. Discussion
=============

In the retrospective longitudinal cohort study, we found that married aged patients experience a significant benefit of OS than the unmarried. The association between marital status and OS remained after adjusting for demographics, tumor characteristics, and treatment and we observed a relative reduction in overall death at 23%. Interestingly, the protective effect of marriage on OS for RC disappeared in the subgroup of age over 85 years. Although RCSS was similar between married group and unmarried group, significant difference existed among subsets with year of diagnosis at 2009 to 2010, aged at 75 to 79 years and patients without surgery, respectively.

Sociodemographic factors affect outcome in a multitude of health conditions.^\[[@R33]--[@R35]\]^ Previous studies supported that encourage marriage as mainly source of social support could protect some diseases including cardiovascular disease,^\[[@R36]\]^ head and neck cancer,^\[[@R11]\]^ extremity soft tissue sarcoma,^\[[@R37]\]^ esophageal cancer,^\[[@R38]\]^ prostate cancer.^\[[@R39]\]^ Mechanisms that could explain our current findings can be broadly categorized into effects of social support on adherence and effects of social support arising from reduction of stress. Adherence is the degree to which a patient correctly follows medical advice, and has been considered as an important factor that influences treatment effect and outcome of patients. Poor outcome and diagnosed with cancer result in depression which generate poor adherence to painful therapy. Mates can be spiritual pillars and relieve patients' depression or discontinuation of medications.^\[[@R40]--[@R43]\]^ On the one hand, partners urge patients to screen health status and advocate receiving aggressive treatments;^\[[@R36],[@R44]\]^ on the other hand, marital status provide hope for patients. Married patients experienced better adherence than unmarried, such as immediately seeking for medical attending and receive chemotherapy or radiotherapy.^\[[@R45],[@R46]\]^ Evidence also found that married cancer patients were diagnosed with earlier stage than those were unmarried^\[[@R12],[@R27],[@R47]\]^ and were more likely to receive recommended treatments.^\[[@R47],[@R48]\]^ Furthermore, researches revealed that social support can reduce stress responses,^\[[@R49],[@R50]\]^ for example, the effect of social support on attenuated risk of cardiovascular events and down-regulating cortisol reactivity to mental stress were supported by laboratory settings.^\[[@R51]--[@R53]\]^ Marital status not only reduces stress response, but also eases the financial strain. Medical expenses will exert a huge pressure to a family, however, another income from a spouse can reduce the financial strain and weaken anxiety.^\[[@R54],[@R55]\]^

Aizer et al^\[[@R9]\]^ found significant cancer-specific survival benefit of marital status on several cancers including prostate, breast, colorectal, esophageal, and head/neck cancers. They included patients older than 18 years and defined outcome as colorectal cancer specific survival, while we studied RC patients older than 65 years. However, it is more likely for old people to take overall death with many underlying diseases, which is consistent with our findings. The included married patients were 2.5 years younger than unmarried patients on average and were more likely to be both male and white in the early study^\[[@R9]\]^ and married patients were less likely to present with advanced tumor and nodal stage than the unmarried group, in contrast, we had matched the baseline to balance and comparable. Given those, the previous findings are insufficient to apply to the current topic.

Interestingly, in the subgroup of age over 85 years, survival benefit of married on OS disappeared. Reasons for this phenomenon have not found out, however, senility may contribute to that. Contrast with function decline and vestigial organs, effect of social support take a minor place. In addition, we found poorer survival of nonwhite than white people, which consistent with previous studies.^\[[@R56]--[@R58]\]^ Weakness of screening,^\[[@R57]\]^ different treating and less aggressive for sequelae treatments,^\[[@R59]\]^ as well as poorer response for chemotherapy^\[[@R60]\]^ for nonwhite population may contribute to that. In addition, we found independent effect of chemotherapy on RCSS, however, the result flipped in multivariate analysis. Given the comparable baseline of this study, further studies are needed to explore reasons contributing on this interesting result.

Our study also has some limitations. Firstly, we cannot randomize our included patients due to the retrospective property. Secondly, the causality cannot be confirmed in this study as an observational study. Thirdly, we conducted propensity score matching to balance the baseline of included patients, at the same time, we lost some samples, and might cause selection bias. In addition, we cannot obtain some essential data such as income, insurance status, residence (rural or urban) and education which related to social support, as well as some detailed data on psychiatric illness, other malignancy, estrogen use in females which may relevant to OS. Although our study does not include extensive socioeconomic factors, the findings indicate a degree of implications. For example, unmarried status indicates a signal of poor social support, medical workers should pay special attention to unmarried groups and provide social support for them. Previous studies reported that we can decrease depression and improve adherence of patients through group interventions,^\[[@R61]\]^ and community skill as well as empathy skill can improve adherence,^\[[@R62]\]^ which could improve outcome of patients.

5. Conclusions
==============

Among the aged population, unmarried rectal cancer patients have higher risk of overall death than married patients, except for those older than 85 years. Marital status might have no significant association regarding to RCSS among old people. Further studies could explore what factors could influence RCSS among the aged population.
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